Abstract -To investigate the association between level of alcohol consumption and mortality and hospital admissions, data from the Swedish twin registry were utilized. Twins born in 1925 or later responded to a questionnaire on lifestyle and personality in 1973. A total of 9057 twins were followed in the national cause of death register and in hospital discharge registers through 1992. The proportion of deaths attributable to high levels of alcohol consumption, after adjustment for confounding, was 11.3% for men and 9.4% for women. The proportion of hospital admissions attributable to high levels of alcohol consumption was 13.2% for men and 1.1% for women. For psychiatric admissions, the corresponding figures were 28.7% and 7.2% respectively. We conclude that, in this cohort of young and middle aged men and women (ages 18-67), a considerable number of productive life years are lost due to high alcohol consumption. Furthermore, a considerable proportion of health care consumption is alcohol-related, especially psychiatric care.
INTRODUCTION
The aim of this study was to determine how large a proportion of mortality and health care utilization in Sweden could be attributed to high levels of alcohol consumption. Earlier studies indicate that 15-20% of patients in acute hospital care in Sweden are high consumers of alcohol (Hagnell and Sandahl 1972; Berglund, 1975; Borg et al., 1979; Ahlm et al., 1982; Wallerstedt et al., 1986; Romelsjo, 1988) . Approximately 5-10% of acute hospital care is estimated to have been caused by high alcohol consumption (Persson and Magnusson, 1987) . Similarly, somewhat lower estimates have been made in Norway (Stene-Larsen and Bergesen, 1990) , where 5% of health care is attributed to alcohol consumption. Most international studies arrive at estimates of 10% (Nolan, 1965; Kearney et al., 1967; Barcha et al., 1968; Moore, 1971; Lefkowitz and Suljaga-Petchel, 1985; Chick et al., 1986; Corrigan et al., 1986; Lloyd et al., 1986; Taylor et al., 1986; Longnecker and MacMahon, 1988) . Results have been inconsistent, however, partly due to methodological limitations. Alcohol habits are strongly linked to
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other behaviours, cultural and social patterns and personal factors. When people are afflicted by diseases or injuries, it is often difficult to determine to what extent their alcohol drinking has contributed to this. This is the case even when alcohol clearly has been a factor. In order to determine the role of alcohol, other antecedent and co-occurring factors must also be assessed.
In the case of alcohol-related mortality, there is an extensive literature in which considerable effort has been devoted to adjust results for confounding variables. Most studies, however, have not considered the effect of personality, social networks and social support. Variables like these must be considered in any study dealing with causes of morbidity or mortality. Lack of social support has been shown to be a predictor of cardiovascular disease and mortality on the same magnitude as hypertension and high blood lipid levels (Cassel, 1976; Kaplan et al., 1977; Berkman and Syme, 1979; Orth-Gome'r and Johnson, 1987; Kaplan et al, 1988; Hirdes and Forbes, 1992; Rehm, 1993) . In a study of social networks, host resistance and mortality, Berkman and Syme (1979) found that the relative risk for mortality was 2.3 times higher among those men most isolated compared with those with most social contacts. The relative risk for women was 2.8. The increase in risk was independent of a large set of possible confounding factors, including alcohol consumption. In a study from Finland, Kaplan et al. (1988) found an increase in total mortality for those with fewest social connections, with an odds ratio of 1.54 compared with those with most social connections. Orth-Gom6r and Johnson (1987) found that Swedes with weak social network, compared with those with good social network, had an ageadjusted relative risk of mortality of 1.46.
METHODS

Subjects and procedures
All twins in Sweden, bora during 1925 or later, received a questionnaire in 1973 about life style and health habits. Women (4726) and men (4331) residing in Stockholm and Uppsala regions responded (these regions include approximately one-third of the Swedish population). The questionnaire concerned alcohol use, demography, housing, family, work, leisure, personality, food habits, weight, smoking, drug use, health symptoms and some other areas. The questionnaire also included short forms of the Eysenck extraversion and neuroticism scales, which formed the base for an index of psychological stability. The fact that the respondents were twins was incidental to the purpose of this study.
Levels of alcohol consumption were determined by combining data on consumption of beer, wine and spirits and expressed as g of 100% alcohol per month. Alcohol consumption was divided into four categories for women (0 g/month, 1-250 g/ month, 251-750 g/month, and > 750 g/month), and five categories for men (0 g/month, 1-250 g/ month, 251-750 g/month, 751-1000 g/month and > 1000 g/month) ( Table 1) . A 250 g amount of alcohol corresponds to about four bottles (750 ml) of table wine or one bottle (750 ml) of spirits.
These data were linked with the national cause of death register and regional hospital registers in the Stockholm and Uppsala regions. The cohort was followed from 1973 through 1992.
Data analysis and statistical methods
Variables were selected from the data set reflecting social, behavioural and psychological characteristics as well as substance use. A large number of candidate variables were first tested bivariately to determine associations with mortal- ity and hospital admissions. We grouped these background factors to cover different areas for statistical modelling. Cox proportional hazard regressions (Cox and Oakes, 1984) were performed within each model to identify significant associations with mortality. In a second step, a new regression model was constructed, comprising significant variables from the first level of analysis. Admissions for hospital care were analysed in a similar step-wise fashion, using Poisson regressions (Breslow and Day, 1987) . Risk ratios were computed for different levels of risk indicator exposure with 95% confidence intervals. The proportion of mortality and hospital admissions that could be attributed to high levels of alcohol consumption was calculated according to the method of Miettinen (1974) , utilizing our estimates of the risk ratios and knowing the proportion of deceased or hospital admissions with high alcohol consumption.
RESULTS
Mortality
The death risk during the follow-up period was 3.4 times greater (95% confidence interval 1.4-8.7) for women with an alcohol consumption > 750 g/month, compared with those drinking 1-250 g/month (Table 2) . For men with an alcohol consumption exceeding 1000 g/month, the death risk was 3.0 (1.7-5.2) times greater, compared with those drinking 1-250 g/month. No protective effect of moderate alcohol consumption could be seen. The proportion of deaths that could be attributed to alcohol consumption > 250 g/month was 12.4% for women and 14.3% for men (Table Table 2 . Alcohol levels at baseline and mortality during follow-up 
Hospital admissions (all causes)
An increase in the rate of hospital treatment episodes was seen for both men and women, though considerably more pronounced for men (Table 3 ). The risk for admission for men drinking > 1000 g/month was 2.9 (2.8-3.1), compared with those drinking 1-250 g/month. For women drinking > 750 g/month, the risk for admission was 1.4 (1.4-1.5). When controlling for background factors in a Poisson regression, the relative risk for men consuming > 1000 g/month was 2.4 (2.1-2.7). For women, the relative risk dropped to 1.3 (1.1-1.5). Background factors of significance were region, age, smoking, psychological stability, unemployment, body weight and (for men only) serious illness. The proportion of admissions that could be attributed to alcohol consumption > 250 g/month was 2.4% for women and 16.6% for men. When controlling for covariates, the attributable proportion for women was 1.1% and for men 13.2% (Table 5) . A slight increase in admissions was seen for abstainers, the risk ratio for men was 1.3 (1.2-1.4) and for women 1.3 (1.2-1.3), compared with those drinking 1-250 g/ month. 
Psychiatric admissions
A strong increase in psychiatric admissions was seen with increasing alcohol consumption for both men and women, especially for the higher levels of consumption (Table 4 ). The relative risk for men drinking > 1000 g/month was 6.0 (5.6-6.3). Adjustment for covariates did not affect the risk ratio. For women, the corresponding risk ratios were 4.0 (3.7-4.3) and 2.9 (2.1-4.1). Background factors of significance here were region, age, psychological stability, unemployment, use of sedatives and tranquillizers and serious illness. The proportion of male, psychiatric admissions that could be attributed to high alcohol consumption was 28.7% (Table 5 ). For women, the attributable proportion was 11.5%. When controlling for covariates, the attributable proportion for women was reduced to 7.2%, whereas for men it remained at 28.7%.
Abstainers, both male and female, also had increased risks of psychiatric admission. The risk ratio for men was 1.4 (1.1-1.9) and for women 1.8 (1.5-2.2).
DISCUSSION
The questionnaire we have based this study on was not primarily intended for alcohol research. Some of the questions about alcohol habits were therefore not ideal, lacking in precision and clarity. Thus, there were only three questions about consumption-levels: 'Do you drink beer? If yes, how many bottles per month?' Similar questions were asked about the number of bottles consumed per month of wine and spirits. Greater precision could have been achieved if more detailed questions about quantity and frequency had been asked. The size of the bottles consumed was also unclear. In our calculations we have assumed that beer bottles were 330 ml each, and wine and spirits bottles were 750 ml each. Given that these are crude measures, our major concern was that a lack of precision in measurements will tend to dilute whatever real differences may exist and underestimates risks of mortality and morbidity.
Furthermore data on alcohol consumption as well as background factors were only collected at baseline. Since the habits of many correspondents are likely to have changed over time, there is some uncertainty regarding the extent to which mortality and morbidity can be attributed to these factors at baseline.
The advantage of the twin survey of 1973, however, was that it included many variables about the respondents' social and personal backgrounds. It thereby provided us with an opportunity to adjust observed associations between alcohol consumption and health events for covariate factors. With adjusted relative risks, based on regression models, the proportion of deaths and hospital treatment episodes attributable to alcohol could be calculated.
Our results may underestimate alcohol-related mortality and morbidity for several reasons. Firstly, we have limited our study to the direct effects of alcohol on drinkers and excluded effects on third parties, i.e. victims of accidents caused by drunk drivers. Also, even if it is clear that the rate of hospital admissions increases with alcohol consumption, most hospital admissions still occur in the group with moderate alcohol consumption (1-250 g/month; Table 3 ). These admissions are automatically discounted as alcohol-related. In reality, all alcohol consumption involves some risk. Within a limit of 250 g/month it is quite possible to acquire an alcohol-related injury or disease. These alcohol-related admissions cannot be assessed with the methodology used in this study, however. Furthermore, alcohol habits may have changed during follow-up. A person describing high alcohol consumption in 1973 may some years later have reduced his or her drinking, but will nevertheless be regarded as a high consumer in this study. This will lead to an underestimation of hospital care and mortality associated with continuing high intake of alcohol.
Yet, the advantage with a retrospective cohort study is that exposure data are collected prior to the health events of interest. This eliminates the recall bias involved in asking patients retrospectively to recollect their alcohol consumption prior to hospital admission. Furthermore, not only diagnoses that are obviously alcohol-related, such as liver cirrhosis, are included. Alcohol, being toxic to many organs, will lead to increased risks for many disorders. Many of these will not be observed clinically, however, unless the patient is obviously alcohol-impaired. Even then, clinicians will be hesitant to record an association with alcohol.
In Table 5 , the attributable proportions are shown. After adjustment for background factors, high alcohol consumption is seen to cause 11.3-14.3% of the male mortality and 9.4-12.4% of the female mortality in this age group. This has important implications for the calculation of the societal costs of alcohol. Alcohol contributes to a large proportion of lost productive life years as alcohol-related mortality to a large extent occurs in younger age groups.
A considerable proportion of all hospital care is caused by high alcohol consumption. Between 13.2 and 16.6% of all male hospital admissions and 28.7% of male psychiatric admissions are alcohol-caused, while the figures for women are considerably lower. One should keep in mind, however, that the study population was between 18 and 47 years old when they were surveyed in 1973 and thus between 37 and 66 years old at the end of the follow-up period in 1992. The study therefore describes mortality and hospital care utilization in a relatively young population. The results from this study underline that alcoholrelated hospital care to a large extent is a male problem; it is also to a large extent a psychiatric problem.
